Properties of supercoiled DNA in gel electrophoresis. The V-like dependence of mobility on topological constraint. DNA-matrix interactions.
The dependence of the electrophoretic mobility of small DNA rings on topological constraint was investigated in acrylamide or agarose gels as a function of DNA size (from approximately 350 to 1400 base-pairs), gel concentration and nucleotide sequence. Under appropriate adjustment between the size of the DNA and the gel concentration, this dependence was found to be V-shaped in a limited interval around constraint O, the minimum mobility at the apex of the V being obtained for relaxed DNA. Analysis of the DNA size dependence of the V suggests that it is the result of a modulated compaction of the DNA rings by the gel matrix. Compaction appears to be maximum upon relaxation, and to decrease with increase in supercoiling. Consistent with this interpretation, gels were found to oppose structural departures from the B helix, such as Z transition and cruciform extrusion, which tend to relax the DNA molecule and make it more expanded. In contrast, when DNA size or gel concentration are large enough relative to one another, U shapes are observed instead of Vs, as a consequence of an increase in the mobility of the rings closer to relaxation. The relevance of these results to the situation of superhelical DNA in vivo is discussed. Application of the V to the measurement of the DNA helical twist is mentioned.